JJOURNAL O

AGRICULTURAL AND
FOOD CHEMISTRY

J. Agric. Food Chem. 2003, 51, 3829-3835 3829

Examination of Molecular Interaction Sites of Acetanilides with
Organic Matter Surrogates Using Nuclear Magnetic
Resonance Techniques
SHALINI JAYASUNDERA,T WALTER F. SCHMIDT,® CATHLEEN J. HAPEMAN,S AND

ALBA TORRENTS T

Department of Civil and Environmental Engineering, University of Maryland,
College Park, Maryland 20742, and Environmental Quality Laboratory, Agricultural Research Service,
U.S. Department of Agriculture, Beltsville, Maryland 20705

The dynamics of acetanilide pesticide interactions with organic matter (OM) surrogates were examined
using nuclear magnetic resonance (NMR) spectroscopy. Differences in the relative changes in 13C
and H spin—lattice relaxation times (7;) were measured at multiple molecular sites of metolachlor
and the probe compound acetanilide to identify interaction sites and/or surfaces between the molecules
and dissolved and colloidal OM surrogates. The decrease in T; at specific sites of acetanilide molecules
was a function of the OM used and its concentration. High-affinity interactions at nonaromatic sites
of metolachlor and acetanilide were observed with cellulose, chitin, and collagen, but interactions
with lignin occurred with less site specificity and involved both aromatic and nonaromatic sites of the
molecules. Changes in relaxation were compared to calculated and experimentally determined binding
coefficients (Kyc). The T; relaxation of the aromatic sites of acetanilides showed better relations with
Koc than the nonaromatic sites. This study shows that NMR relaxation measurements can identify
the high-affinity molecular interaction sites of acetanilides to OM surrogates.
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INTRODUCTION sorbed pollutant’s availability (desorption) and susceptibility to

- . . ) ... biodegradation and also in modeling pollutant fate.

Pesticides and other xenobiotic organic pollutants interact with Covalent and non-covalent interactions of HOCs with dis-
soil surfaces and solution constituents through covalent and non-_ ”cd OM have been probed. using solution oHaes 19F
covalent interactions with varying degrees of affinity. The extent ) probed, g P ',

) . . . . . and’H NMR (12—16). Specific NMR parameters, such as spin
to which the different interaction mechanisms contribute to the . ; : . . .
. lattice relaxation Ty relaxation), line broadening, coupling
retention of pollutants depends on both the sorbate and the : . o ; ?
. ) . ._constants, and chemical shifts of specific nuclei, can provide
sorbent properties. Sorption of nonpolar (hydrophobic) organic . . ! . )
) . ..._molecular information on the predominant sites and the interac-
compounds (HOCSs) has been described in terms of nonspecific,. . - .
hydrophobic partitioningi—3). However, studies have shown tion mechanisms between organic pollutants and environmental
tri/at interactions other than vén der Wa:'i|S interactions are os_matnces. Spirlattice relaxation T, relaxation) is the process
sible between pollutants and organic matter (OM). For example of energy exchange between individual nuclear spins and the
the linear art'rt)'on theorv has geen shown to 'néde atel %e’ surrounding liquid or solid lattice. When molecules interact with
scrible the :E,)or Itilon / desorytion f0cesS fo:N esticl' r(?jli)the?/ the organic phases, the interaction can induce changes to the
i " tp (7 6.1 ? tl'o h P bm)eatw T, relaxation times of the molecule. The measured is an
prgar;llctpotu an dSE(OIVI) n (le)ractlon mec anljsmst eth e%n oz_gt]an-f average of th@; values of those nuclei associated with binding
;ﬁ pofu a? S aln sorijbn S carr: var¥ ue IO' el den Ily O and those unassociated with the site. Bound sites will have a
therr functional groups, actdbase character, po arity an POlar snorter relaxation time than the nonbound sites.
izability, charge distribution, water solubility, hydrophobicity,

. . .
configuration, and conformatioir{11). Specific molecular int- Ig_a recent study,dHtNl\élFi retl?k)](at!og of Watefr in Soéoﬁsd
eractions of an individual sorbate structure with different sor- mebla was rgeasureh 0 he ec _é;"; “etf‘ce of sorbe ); ro-
bents can result in changes in the sorbate molecular conforma-carkons 17). Researchers have usEgrelaxation measurements

tions and orientations at the exposed macromolecular surfaces.to quantify association1) and to determine non-covalent

Knowledge of these interactions is critical in understanding a interactions of molec_ules suph as phenal, acenaphthenone,.and
F-acetonaphthone with humic acids by measuring the relaxation
at a single labeled site in the molecule (e.g., the carbonyl carbon
* Corresponding author [telephone (301) 405-1979; fax (301) 405-3725; of acenaphthenone)]_,q., ]_5)_ Ross and Biros ]_(9) calculated
e-mail alba@eng.umd.edu]. the spin-spin (transverse) relaxation time%, (relaxation) of

T University of Maryland. el dAAa ] \ : )
8 U.S. Department of Agriculture. DDT to determine its preferential interaction sites with proteins.
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Table 1. Physical and Chemical Properties of Acetanilide and The T, relaxation times were determined using a three-parameter fit
Metolachlor (20, 21) on the general expression for the NMR signal at timé2). The
standard deviations were1%.
Chemical Structure Properties After the T, relaxation times for the pure substrates in solution had
been acquired, the OM was added to the NMR tube to complex with
Mol. Weight 1352 the substrate. Next, tHg relaxation times for the substrate complexed
y H Physical state solid with the OM were determined. This procedure was repeated for each
Acetanilide T'q_c'_c]ﬁ E‘:}{.‘ﬂ]’(ﬂ“y (mgl™) ]5‘;30 of the OM surrogates at a series of concentrations. The sample pH
I Mol. surface area® (A" 165.8 was measured using an Aldrich combination electrode.
"H NMR chemical shifts (ppm): H(2) —~H(6) 6.9-7.7; H(8) 2.1
13C NMR chemical shifts (ppm): C(1) 138.6; C(2.6) 120.0; C(3,5) 128.7: C(4) 123.8; C(7) 169.2 RESULTS AND DISCUSSION
ppm C(8) 24.05 i i . L
e an 1 relaxation times of the individua
The 13C and'H NMR T; relaxation t f the individual
s Mol. Weight 283.8 molecular sites of acetanilide and metolachlor were determined
7 s Physical state liguid by gradually varying the total organic carbon (TOC) concentra-
_-COCH,CI Solubility (mgL™) 530 . . .
Metolachlor @ N o, | Log Kon 203 tion pf.the OM from O to.240 ppm..Prewo.us studies have fognd
L &, Mol. surface area® (A’)" 327.9 negligible changes in viscosity within this TOC concentration
3 . . .
"H NMR chemical shifts (ppm): H(3) 7.34; H(5) 7.38; H(4) 7.28; H(8) 3.75; H(9) 2.52; H(10) range 23) lt Was not pOSSIbleto ass'gn syStematIC Changes Of
1.26; H(11) 2.20; H(12) 4.32; H(13) 3.65: H14) 325 HA5)L.1T T, at the individual molecular sites at higher TOC concentrations

because selectivity for individual sites was lost. Within the TOC
concentration range used in these experiments, no significant
changes in pH were observed between the OM free samples
The current study usébl and**C NMR T relaxation techniques  and those which contained OM (acetanilide, pt8.6; meto-
as a probe to determine the specific molecular sites in meto-|achlor, pH ~8.8). Therefore, the observed changesTin
lachlor and acetanilide that interact with different dissolved and relaxation times of acetanilide and metolachlor are not attribut-
colloidal surrogate OM. able to changes in pH or viscosity.

The chemical structures of the OM used had variable
functional group identities and polarities. The elemental analyses
of the OM are reported elsewherk 6). The calculated polarity

@ Molecular surface area was calculated using HyperChem.

MATERIALS AND METHODS

Chemicals. 3C-Labeled acetanilideriag-1Cs, carbonyt*C) was

obtained from Isotec Inc. (Miamisburg, OH). Analytical grade nonla- . . . . .
beled metolachlor was obtained gratis from Ciba-Geigy Corp. with a index (P1) (O+ N/C) of the OM in order of increasing polarity

purity of 99.0% and was used without further purification. The physical is 0.54 (Ilgnln),. 0.63 (CO||6,‘gen)’ 1.01 (chitin), and 1.11 (cel-
and chemical properties of acetanilide and metolachlor are listed in [Ul0S€). The primary functional groups of the OM surrogates
Table 1 The perdeuterated solvents deuterium oxideQDand were confirmed experimentally byH NMR and Raman
methanol (CHOH-d,) (each 99-% D) were purchased from Aldrich ~ spectroscopy. Nonpolar aliphatic and aromatic groups plus polar
Chemical Co. (Milwaukee, WI) and Isotec, Inc., respectively. Al R—OCH; and R-OH groups were present in lignin. TheNH
solvents were used as purchased. Solutions of acetanilide were preparednd G=0 groups contribute to the polarity of collagen and
in 100% DO and metolachlor in 60% f® and 40% CHOH-ds. chitin. Heterocyclic hexose rings and-®H groups explain
Nitrogen gas was used to remove the dissolved oxygen in solvents. the polarity of chitin and cellulose. In the proceeding sections

OM Surrogates. Commercial biopolymers that represent model input - \ye describe the interaction between structurally very different
sources of OM were selected for this study. The biopolymers lignin forms of OM with metolachlor and acetanilide.

(alkali) and cellulose were obtained from Aldrich Chemical Co., and . o 1
chitin and collagen were obtained from Sigma (St. Louis, MO). The Relaxation Measurements of Acetanilide.The *C NMR

colloidal and dissolved OM solutions were prepared by sonicating the 11 rélaxation times of the different aromatic sites and the
appropriate amount of solid biopolymer with,® for 15 min and carbonyl carbon of acetanilidé€; (ring-13Cs, carbonyt=3C)
filtering through a 1.Qum glass fiber filter using a stainless steel filter ~Were determined. In the absence of any ligand Tthelaxation
holder. The OM solutions were bubbled with nitrogen to remove the times of the individual nuclear sites of the acetanilide molecule
dissolved oxygen. The solution total organic carbon (TOC) concentra- showed large differences. At the ortho, meta, and para aromatic
tions were measured using a Shimadzu 5000 analyzer with potassiumsites (C-2, 6; C-3, 5; and C-4), respectively,varied from 2
biphthalate as a standard. to 4 s, whereas th§ at the ArCN (C-1) site was 20 s. THe
NMR Spectroscopy.The'H and**C NMR relaxation experiments  of the carbonyl carbon (C-7) was 33 s.

in solution were conducted using a Bruker QE Plus spectrometer at A - P : :
; cetanilide and Lignin. Figure 1 shows theT; relaxation
1]
300 MHz for*H and at 75 MHz fo*C. Proton spectra were acquired of acetanilide as a function of TOC concentration of lignin,

with a spectral width of 3300 Hz and 8192 data points. TReNMR I hiti d cellul To obtai lati .
spectra were acquired using spectral widths of 7000 and 20000 Hz collagen, chitin, and cellulose. To obtain a relative comparison

with 16384 data points. THEC NMR T; relaxation times were obtained ~ Of the change ifT; relaxation at the individual molecular sites,
using the standard inversion recovery Fourier transform (IRFT) and the T: relaxations were normalized to tffg in the absence of
fast inversion recovery Fourier transform (FIRFT) pulse sequences any ligand Typiank). A continuous decreasing trendTa of all
[PD—m—1—(7/2)x—AT]n, Where PD is the pulse delayis the variable the individual sites of acetanilide was observed with an
delay, and AT is the acquisition time. A pulse delay of 180 s with 16 increasing lignin concentratiorFigure 1a). The C-1 and C-7
scans and a recycle time of 12 s with 3000 scans were used for carhons exhibited the highest relaxation rate at any given TOC
acetanilide and metolachlor, respectively, for the IRFT sequence. The cgncentration of lignin.
FIRFT pulse sequence was used with a 14.0 s recycle time and 16 11, o56 ghservations can be explained by two possibilities: (1)
scans. Eacl; array included 14 variable delay times).( . -
) S . ? relaxation mechanisms of the C-1 and C-7 quaternary carbons

The'H NMR T; relaxation times were obtained using the standard diff tf th f the oth b due to the ab f
IRFT pulse sequences for metolachlor. A pulse delay of 20 s with 16 irerent from those of the other carbons due 1o e.a Sence o
scans was used with a set of 12 variable delay times. The chemical@ttached protons and the direct influence of the OM; and/or (2)
shifts were referenced against the residual proton signal of the deuterated®réferential interactions at C-1 and C-7 over the aromatic sites
solvent and tetramethylsilane (TMS) at 0 ppm. The NMR spectra were With lignin. The higher relaxation rate observed at the para C
collected at 298 K and were controlled #0.3 of set temperature.  (C-4) suggests that the aromatic sites of acetanilide are also
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Figure 1. 13C NMR T; relaxation of acetanilide individual sites in the presence of colloidal and dissolved organic matter in a 3.7 x 10~2 M solution: (a)
lignin; (b) chitin; (c) cellulose; (d) collagen.

involved in interactions with the lignin. A relative upfield shift  thesize hydrogen binding to theNH proton occurs, the effects
of the aromatic protons of acetanilide in lignin, indicating of which are felt at C-1 due to the delocalization of the electron
shielding due to interactions, also shows that the aromatic sitesdensity from the N atom to the aromatic ring that causes a patrtial
are involved in interactions. double-bond character between the N and the aromatic ring at
Because the observel is an average of the acetanilide, C-1. The!H NMR T; relaxation experiments of acetanilide in
which is interacting and non-interacting with the OM, the D20, to confirm this hypothesis with chemical shifts, were not
average molecular motion from exchange between associatedconclusive because theNH proton vanishes from the spectrum
and unassociated ligand would be expected to decrease continudue to exchange with the deuterons. However, a downfield shift
ously with TOC as observed in all of the molecular sites of of the acetanilide-NH proton was observed in the presence of
acetanilide. This further suggests that the entire acetanilide chitin, when the experiments were conducted in DM&OFhis
molecule is involved in sorption. Thus, this observation indicates agrees with our hypothesis thatNH is the primary binding
that sorption involvest—s interactions between the aromatic ~ site of acetanilide to chitin and can be explained by the H-bind-
groups, partitioning of acetanilide to the lignin, and possible ing at the—NH proton. A decrease in the electron density at
H-bonding at the carbonyl andNH proton. the —NH proton due to H-binding explains the downfield shift.
Acetanilide and Chitin. In the presence of chitin an initial The change i, relaxation time of the carbonyl carbon (C-
fast relaxation rate was observed at the C-1 carbon at TOC7) was much less than that of C-1. This suggests that hydrogen
concentrations below 5 ppm and did not show any significant binding or dipolar interactions to the carbonyl were less than
changes when the TOC was increased further until 75 ppm those to the-NH. This also suggests that the polar functional
(Figure 1b). Small changes in relaxation were also observed groups of chitin most interacting with acetanilide are electron
initially at the carbonyl carbon (C-7) and at the ortho (C-2, 6) donors and most likely are the=€D groups of chitin.
carbon. The para (C-4) carbon did not show any significant  Acetanilide and Cellulose.In the presence of cellulose, a
changes in relaxation initially. fast relaxation rate was observed at both C-7 and C-1 at TOC
These data indicate that the C-1 site was the most influencedconcentrations below 5 ppnirigure 1c). Because virtually no
by the primary binding site of acetanilide to chitin. We hypo- changes irl; relaxation of C-1 and C-7 were observed as the
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Figure 2. H NMR T; relaxation of metolachlor individual sites in the presence of colloidal and dissolved organic matter in a 1.8 x 10~2 M solution: (a)
lignin; (b) chitin; (c) cellulose; (d) collagen.

TOC concentration was increased further, no additional interac- The T; relaxation time of the para carbon, C-4, decreased
tions are involved. Small changesTinrelaxation were observed  after a TOC concentration 625 ppm was added. This unusual
at the ortho (C-2, 6) carbon, but the para (C-4) carbon did not behavior of the C-4 relaxation in the presence of collagen shows
show significant changes ify. that at higher TOC concentrations, the molecular sites of
The specific interactions that influence the C-1 and C-7 car- collagen also influence the aromatic carbons of acetanilide.
bons are the preferred interactions of acetanilide with cellulose  Relaxation Measurements of Metolachlor.The 'H NMR
(Figure 1¢). The downfield chemical shift observed at thBlH T, relaxation times at the different molecular sites of metolachlor
proton, as in the case of chitin, supports H-binding at-tiH were determined as a function of TOC concentration using the
proton. The decrease in the relaxation rate of the carbonyl carbonsame technique for acetanilide. Similar results were observed
(C-7) indicates dipolar interactions or H-binding to the carbonyl. except as noted below. Because nonlabeled metolachlor was
Acetanilide and Collagen.In the presence of collagen, an  used,”*C NMR T; relaxation experiments were not conducted
initial decrease in thd@; relaxation time was observed at the Wwith all of the OM surrogates due to the long experimental times
C-7 and C-1 carbongF{gure 1d). The C-1 carbon relaxation  required to obtain each value. However, the same relaxation
rate at low collagen concentrations was less than that of cellulosetrend was observed with bothl and*3C NMR at the molecular
or chitin at the same low concentrations. However, the relaxation sites of metolachlor, when lignin and chitin were used as the
at C-1 continually increased until 140 ppm. The ortho carbons, TOC source Figure 2 shows the!H NMR T, relaxation of
C-2, 6, also showed a similar increase in the relaxation pattern. different molecular sites of metolachlor in the presence of
No significant changes were observed above a TOC of 140 ppm.various OM surrogates.
This indicates that the C-7 and C-1 of acetanilide are initially =~ Metolachlor and TOC. The aromatic protons of metolachlor
involved in specific interactions with the collagen. (H-3, H-4, and H-5) showed higher relaxation rates versus the
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Figure 3. Predicted interactions and possible orientations of acetanilide and metolachlor on lignin and chitin: (a) acetanilide-lignin; (b) acetanilide—
chitin; (c) metolachlor-lignin; (d) metolachlor—chitin.

alkyl protons as the TOC concentration of lignin was increased  Metolachlor showed the least overall relaxation in the pre-
from O to 160 ppm Figure 2a). For example, the initial sence of celluloseR{gure 2c). The H-8 protons showed the
relaxation rate of the H-8 protons was almost half of that of the largest change in relaxation times, indicating that these protons
aromatic protons. This suggests that the lignin preferentially were the most influenced or closest to the preferential interaction
interacted with the aromatic sites of metolachlor initially. The site.

IH NMR spectra showed upfield shifts and line broadening of  The largest change ifi; relaxation was observed at H-8,
the aromatic and isopropyl protons of metolachlor. Theof H-14, and H-15 when metolachlor interacted with collagen
the individual protons continuously decreased with TOC (Figure 2d). The relatively fast relaxation of the H-15 protons
concentration, indicating that the corresponding molecular of metolachlor in collagen compared to its relaxation in the
motion of the same sites in metolachlor continuously decreasedpresence of the other OM indicates restricted mobility of the
with TOC. This indicatest— interactions and partitioning of  total isopropyl ether substituent. As with chitin and cellulose,
metolachlor to the lignin. The decreaseTintogether with a the nonaromatic sites of metolachlor preferentially interacted
downfield shift of the H-8 protons, due to electron withdrawal with collagen.

from these protons to the adjacent carbony~®), also shows Interaction Sites and Orientation of Acetanilide and
H-binding-type interactions between the=0O and lignin Metolachlor. When the changes in proton chemical shifts are
functional groups. compared, the aromatic protons of acetanilide showed the largest

When metolachlor interacted with chitin, the H-14 and H-8 chemical shift in lignin followed by collagen (data not shown).
protons showed higher initial relaxation rates than the aromatic Chitin, cellulose, and collagen induced larger changes in the
protons Figure 2b). This indicates that the preferential interac- chemical shift of the-NH proton signal than lignin. Compara-
tion sites of metolachlor with chitin were close to H-14 and tively, the more gradual decrease€lipat C-7 with lignin versus
H-8, hence reducing their time-averaged mobility. A continuous the sharp decline iy at C-7 with cellulose and collagen
decrease of; as a function of increasing chitin concentration indicates a weaker interaction with lignin. Furthermore, chitin
was not observed. The downfield chemical shift of the H-8, H- did not show strong interactions to the C-7 or any of the
13, and H-14 protons indicate deshielding or electron withdrawal aromatic sites except at C-tigure 3 shows cartoon diagrams
from these sites (data not shown). A downfield shift of the of the postulated interaction sites and the molecular orientations
aromatic protons also indicates electron withdrawal from the of an acetanilide molecule on lignin and chitin identified using
aromatic ring by the amide. These data suggest that the carbonyll1 relaxation data anéH NMR chemical shifts.
and the isopropyl methyl ether oxygen of metolachlor interact  Figure 4 shows the change in thi relaxation times of the
with chitin through H-bonding or dipotedipole interactions. aromatic para (H-4) proton and the nonaromatic H-8 protons
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“0” indicates “no change” in the T, relaxation time, that is, “no interactions”.

(adjacent to the carbonyl) of metolachlor at a TOC concentration
of 50 ppm. Changes ifi; relaxation times were observed for = 0954
the H-4 and H-8 protons, indicating that interactions were
occurring at both the aromatic and H-8 sites of metolachlor with
lignin. The change in the H-8 protons of metolachlor was higher 0.90+
than the aromatic proton when interacting with the more polar

sorbents, collagen, chitin, and cellulose. The aromatic sites of

T1 1 (Blank)
(ON+0) Id

metolachlor were not the preferred interaction sites with these 085 +—F"-F—"—"—"T——T—
more polar sorbents. The changesthNMR chemical shifts 0 20 40 60 80 100 120
complemented thd; relaxation measurements at low TOC Koc(ng")

concentrations. The postulated interaction sites and orientation
of a metolachlor molecule on lignin and chitin using
relaxation data andH NMR chemical shifts are shown in
Figure 3cd.

T1 Relaxation and Organic Carbon Referenced Associa-
tion Constants (Koo). The Ty relaxation rates of the individual
molecular sites of metolachlor and acetanilide were used to
determine whether a relationship exists between the extent of
binding and relaxation rate&, values for metolachlor and
acetanilide were determined using the following correlation for
acetamide pesticides, developed from experimental dgta (
whereKoy is the octanotwater distribution coefficientC,, is
the solubility in water, and Pl is the polarity index [(© N)/

C] of the sorbent.

%igure 5. Relationship between T; relaxation and organic carbon
referenced partition coefficient (Ko.) for (a) metolachlor and (b) acetanilide.
Model simulation of the PI K,. was done using eq 1.

Our results also clearly show that a direct measure of a steady-
state association constant between a substrate and an organic
sorbent cannot be always determined by measuring the changes
in the relaxation time of any single nonaromatic molecular site
such as at a quaternary carbon or a carbonyl carbon.TThe
relaxation rate identifies the predominant type and sites of
interactions occurring between specific pollutants and individual
OM compositions.

Conclusions. Acetanilide pesticide interactions with OM
surrogates were examined usi¥¢ andH NMR spin—lattice

log K, = 3.53+ 0.553 logK,,, — 0.091 logC,, — 3.51 P! relaxation techniques. ChangesTiirelaxation times at multiple
(1) molecular sites of metolachlor and acetanilide with OM
concentration were measured to identify the preferred interaction
The T, relaxation of the aromatic sites of metolachlor showed sites and/or interaction surfaces of the molecules with different
better relationships witKy than the nonaromatic siteSigure OM surrogates. Interactions of metolachlor and acetanilide
5 shows the changes h relaxation of the H-4 and H-8 protons  molecules with OM macromolecules resulted in a faster
of metolachlor and the C-1, C-4, and C-7 carbons of acetanilide relaxation rate of those nuclear sites near the part of the molecule
when plotted against thié,.. In metolachlor the change ity in the sorbate OM complex. This allowed the identification
of the H-4 proton followed the same trend as the change in the of the possible interaction sites of the pesticide molecules and
Pl of the OM withK, (Figure 5a). The C-4 (para) carbon of  an approximate mapping of the molecular orientations on the
acetanilide also showed a similar trend but was less prominentOM surface. The specific interaction sites of a pesticide and its
than the H-4 relaxation of metolachldfigure 5b). However, molecular orientation on the surface can influence its biodeg-
poor correlations were observed between the relaxation ratesradation properties as well as its exposure to soil organisms
of the nonaromatic molecular sites such as the H-8 (close to and resulting toxicity. Metolachlor and acetanilide showed more
C=0) and the C-7 (€&0) andK. This suggests similarities  specific, high-affinity interactions at the nonaromatic sites with
in the interaction mechanisms of the aromatic molecular sites cellulose, chitin, and collagen. In contrast, their interactions with
but different interaction mechanisms with the nonaromatic sites lignin occurred with less site specificity and involved both
of metolachlor. aromatic and nonaromatic sites. The relaxation measurements
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also allow us to postulate the possible types of interactions that (11) Weber, W. J.; McGinley, M.; Katz, L. E. laquatic Chemistry:

can occur between the acetanilide pesticides and different Interfacial and Interspecies Processéduang, C. P., O'Melia,

sorbents rich in specific OM surrogates. Further research must C.R., Morgan, J. J., Eds.; American Chemical Society: Wash-

be conducted in more complex OM such as in mixed systems 'Sgtor':’ Ds.éQQBS. atviski. 3. M.: Minard. R. D.: Dec. J.: Boll

of biopolymers and humic substances that more closely represent (12) Hatcher, P. G.; Bortiatynski, J. M.; Minard, R. D.; Dec, J.; Bollag,
. . J. Use of high resolutio®*C NMR to examine the enzymatic

environmental systems. The results of this study show that

. . ) covalent binding of'3C-labeled 2,4-dichlorophenol to humic
relative Changes in NMR spectroscopic parameters can be used substances=nviron. Sci. Technol1993 27, 2098-2103.

to identify specific molecular interaction sites to enable the (13) Herbert, B. C.; Bertsh, P. M. INuclear Magnetic Resonance

prediction of molecular orientations and interaction mechanisms Spectroscopy in Efronmental Chemistry Nanny, M. A.,

of pollutants at the sorbentvater interface. Minear, R. A., Leenheer, J. A., Eds.; Oxford University Press:
New York, 1997.
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